Introduction
============

According to the World Health Organization (WHO), [@BR0654or-1] the number of people over 60 years of age in Brazil will have risen from 10% to 29% of the population by 2050. [@BR0654or-2] The WHO considers that individuals are elderly once they reach 65 years of age, but since life expectancy in Brazil is lower than that of developed countries, the Brazilian Ministry Health determines that an elderly person is an individual over 60 years old. [@BR0654or-2] [@JR0654or-3]

Once longevity increases, the incidence of chronic diseases also increases, affecting the quality of life of elderly patients. [@BR0654or-2] Hearing loss (HL) is the most widespread sensory impairment found among the elderly, [@JR0654or-4] and it may lead to depression, social problems and frustration. [@JR0654or-5]

The most common type of HL is presbycusis, which is due to the aging process. [@JR0654or-6] Studies have shown that HL affects ∼ 60% of the elderly population living in Brazil. [@JR0654or-7] Hearing loss, tinnitus and vertigo are associated with smoking, high blood pressure (hypertension), diabetes mellitus (DM), lifestyle, age, health history, leisure activities and exposure to occupational noise, and the incidence of auditory symptoms seems correlated with noise exposure during life. [@JR0654or-8] [@JR0654or-9] [@JR0654or-10] [@JR0654or-11] [@JR0654or-12] [@JR0654or-13]

Meneses et al [@JR0654or-14] showed that people over 60 years of age mainly have sensorineural HL, which is characterized as a progressive loss that increases with age. The risk factors, such as hypertension, diabetes, alcohol intake and smoking may predispose individuals to suffer HL, especially when associated with presbycusis.

Presbycusis is HL associated with aging, and it is the third most common chronic condition reported by the elderly. [@JR0654or-15] Clinically, in presbycusis, the typical audiometric profile observed is a bilateral symmetric high-frequency sensorineural HL that progresses with age. [@JR0654or-16] The effects of exposure to noise on hearing varies across age groups, and we emphasize the importance of applying age and gender corrections prior to determining the relative contribution to HL of the exposure to occupational noise. [@JR0654or-17]

Individuals with DM and hypertension often have symptoms such as dizziness, tinnitus and HL, and DM and hypertension are the conditions that are most commonly related to auditory disorders. [@JR0654or-18] [@JR0654or-19]

Therefore, the present study aimed to determine the possible association of HL with hypertension and DM in the elderly.

Materials and Methods
=====================

This cross-sectional study was approved by the Ethics in Human Research Committee of our university (under number PP 0070/09). The present study is part of the first major investigation performed to assess the health of the individuals over 60 years of age being cared for in basic health units (BHUs) of the city of Londrina, in the State of Paraná, Southern Brazil. The participants were of both genders, and they were individuals who were living independently and classified at level 3 or 4 as proposed by Spirduso. [@BR0654or-20] The subjects volunteered to participate in the study, which was called 'Study on Aging and Longevity' (EELO, in the Portuguese acronym) by signing the free and informed consent form.

The sample was randomly stratified taking into account the five regions of the city of Londrina, Paraná State. From a population of 43,610 elderly individuals being cared for in 38 BHUs in the urban area of Londrina, the calculated sample was composed of 385 individuals. Taking into account probable losses in the population, the sample increased, reaching 519 individuals, of which 15% were from the Central region, 27% were from the Northern region, 23% were from the Southern region, 19% were from the Eastern region, and 16% were from the Western region. A sampling error of 5% and a power of 80% were considered for the calculation.

The routine audiological anamnesis used at the audiology clinic was applied in the present study. The anamnesis is based on the protocol for anamnesis by Miller, [@BR0654or-21] which consists of an otoscopy to examine the external acoustic meatus and the tympanic membrane and pure tone audiometry, which is considered the gold standard to evaluate the auditory threshold in adults, at frequencies between 250 kHz and 8,000 kHz, with the presentation of the pure tones. The result was recorded in a pure tone audiometry form used in the routine care of the sector, and was subsequently inserted in the database using the WinAudio (WinAudio, Curitiba, PR, Brazil) software, so the result would be stored and could be printed for the patient.

In order to collect data about comorbidities, age, gender, HL, tinnitus and medical history on DM, we applied a self-reported questionnaire. The audiological evaluation was individually performed in a soundproof booth with a model AD-28 Interacoustics (Middelfart, Denmark) audiometer.

Regarding the criteria for HL, we used the classification of Davis and Silverman [@BR0654or-22] to analyze the auditory average I (500 Hz, 1,000 Hz, and 2,000 Hz), and the classification of the National Committee on Noise [@JR0654or-23] and the study by Amorim et al [@JR0654or-24] to analyze the auditory average II (3,000 Hz, 4,000 Hz, and 6,000 Hz). The degrees of HL were classified as: mild (26--40 dB), moderate (41--70 dB), severe (71--90 dB), and profound (\> 91 dB). [@BR0654or-22]

The dependent variable was HL. The independent variables were age, gender, DM and hypertension. The variables were presented in absolute numbers and proportions, estimating the prevalence.

The analysis was conducted with non-parametric tests: the Chi-squared (χ2) test was applied to determine the possible associations between HL and individuals with and without DM and hypertension, and the logistic regression was used to verify the independent risk factors for HL.

Values of *p*  \< 0.05, with a 95% confidence interval (CI), were considered for the univariate analyzes for inclusion in the final model of the χ2 test and the relative risk. The tests were performed using the Bio Estat software, version 5.0.

Results
=======

Of the 519 individuals that participated in the EELO study, those who missed the exam date were excluded. A total of 498 subjects with a median age of 69 years were submitted to an audiological evaluation. Of these, 166 (33.33%) were male, and 332 (66.66%) were female.

Of the 498 subjects, 309 (62.04%) had hypertension, and 186 (37.34%) did not; 145 (29.11%) had DM, and 350 (70.28%) did not; and 118 (23.69%) had both hypertension and DM. A total of 456 (91.56%) subjects had bilateral HL, and 42 (8.43%) had unilateral HL. Using the classification of the study by Davis and Silverman, [@BR0654or-22] 26.50% of our sample had moderate HL, moderate loss of 12.75% and 1.60% of gross loss and 0.70% deep loss, with 58.43% having normal hearing or decrease in the frequencies of 6,000 Hz and 8,000 Hz ( [Table 1](#TB0654or-1){ref-type="table"} ).

###### Prevalence distribution according to the type and degree of hearing loss

  Type of hearing loss      Degree of hearing loss                                                                 
  ------------------------- ------------------------ -------- ---------------------------------------------- ----- --------
  Sensorineural             660                      66.26%   Mild                                           264   26.50%
  Mixed                     32                       3.21%    Moderate                                       127   12.75%
  Conductive                0                        0        Severe                                         16    1.60%
  Normal thresholds         113                      11.34%   Profound                                       7     0.70%
  Fall at 6 kHz and 8 kHz   191                      19.17%   Normal thresholds or fall at 6 kHz and 8 kHz   582   58.43%

In order to analyze the normality of the data, the D\'Agostino-Pearson test was performed. As the data were not normally distributed, we used the Mann-Whitney test for the comparison between auditory averages I (500 Hz, 1,000 Hz and 2,000 Hz) and II (3,000 Hz, 4,000 Hz and 6,000 Hz), which were obtained through audiometry and other collected data.

After verifying that there was no statistically significant difference between the right and left ears and the data of the hearing averages (means I *p*  = 0.3294 and *p*  = 0.9295 medium II) we chose to present the data from the right ear.

Comparing the auditory average I of the general data for 309 (62.04%) subjects with hypertension and 186 (37.34%) without hypertension, we obtained the following results: *p*  = 0.3511 (U = 27,568) for auditory average I and *p*  = 0.5942 (U = 28,188.5) for auditory average II.

The same comparison was performed with the general data for the 145 individuals (29.11%) with DM, and the 350 (70.28%) subjects without DM, and the following results were obtained: *p*  = 0.261 (U = 24,152) for auditory average I, and *p*  = 0.2303 (U = 24,041.5) for auditory average II.

Because no statistically significant values were found among the general sample, in order to eliminate possible confounding variables, we excluded from the sample subjects who consumed alcohol, smokers, former smokers and diabetics, reducing the sample to 182 subjects. In order to perform the analysis of hypertension and auditory averages I and II, we compared the auditory averages of 105 hypertensive patients (21.08% of the general sample, and 57.69% of the reduced sample) and 77 non-hypertensive individuals (15.46% of the general sample and 42.30% of the reduced sample), and the following values were obtained: *p*  = 0.9864 (U = 4,036.5) for auditory average I, and *p*  = 0.9093 (U = 4,002.5) for auditory average II.

For the analysis of the individuals with and without diabetes, we excluded from the sample alcohol consumers, smokers, former smokers and hypertensive individuals, reducing the sample to 89 subjects, 12 diabetic (2.40% of the general sample and 13.48% of the reduced sample) and 77 non-diabetic (15.46% of the overall sample and 42.30% the reduced sample), and the following values were obtained: *p*  = 0.0609 (U = 306) for auditory average I, and *p*  = 0.0247 (U = 275) for auditory average II.

By eliminating alcohol consumers, smokers and former smokers, when comparing the auditory averages of 69 (13.85%) subjects who had both comorbidities, and 76 (15.26%) subjects who did not have any of them, we obtained the following values: *p*  = 0.446 (U = 2,429.5) for average I, and *p*  = 0.5022 (U = 2,452.5) for average II.

For the analysis regarding age, the subjects were divided into 4 age groups: 60 to 69 years old (group1), 70 to 79 years old (group 2), 80 to 89 years old (group 3) and \> 90 years old (group 4). Since only 2 individuals were older than 90 years of age, they were excluded to avoid possible confounding variables due to outliers. The statistical analysis of the three age groups was performed using the Kruskal-Wallis test, followed by the Dunn post-test, and we obtained the following values: H = 69.1651, and *p*  \< 0.0001. For the intergroup analysis, we obtained *p* -values \< 0.05.

Of the 996 ears (498 subjects) analyzed, 660 (66.26%) were classified as having sensorineural HL, 32 (3.21%) as having mixed HL, 191 (19.17%) as having normal HL at high frequencies, and 113 (11.34%) as having auditory thresholds within normal limits.

In order to check the independent risk factors for HL, multiple logistic regression was performed, and the following results were obtained: noise exposure, *p*  = 0.0409; DM, *p*  = 0.8018; gender, *p*  = 0.589; and age, *p*  \< 0.0001 ( [Table 2](#TB0654or-2){ref-type="table"} ).

###### Multiple logistic regression and independent risk factors for hearing loss

  Multiple logistic regression                                                                  
  ------------------------------ --------------- -------- ------------ --------------- -------- ------------
  Intercept - Hearing loss                                                                      
  Diabetes mellitus              0.842           0.9578   0.63--1.46   0.161           0.7078   0.44--1.15
  Age                            **\< 0.0001**   1.1425   1.10--1.18   **\< 0.0001**   1.1596   1.11--1.21

U: confidence interval of the Kruskal-Wallis test.

After the statistical analysis, we found that, among the analyzed variables, only gender (the prevalence was higher in males), DM and a history of exposure to occupational noise were associated with HL at high frequencies among the elderly. However, according to the multiple logistic regression, only age and exposure to occupational noise are independent risk factors for HL.

Discussion
==========

Several studies analyze the changes in hearing, which occur with increasing age and are related to lifestyle, labor, metabolic and circulatory disorders, infections, trauma and heredity. [@JR0654or-25] [@JR0654or-26] [@JR0654or-27] Hearing loss significantly increases with age. [@JR0654or-27] [@JR0654or-28]

In the present study, age was a significant predictor in the gross and adjusted analyses. The results indicate that the prevalence of HL increases progressively and proportionally with age ( *p*  \< 0.0001). Another study showed a more pronounced decrease in normal hearing at the frequencies of 2 kHz, 4 kHz and 8 kHz, which corroborates the conclusions of the present study, in which the average of 3 kHz II, 4 kHz and 6 kHz presented the largest reduction. [@JR0654or-29]

Based on our findings, we conclude that there is a prevalence of sensorineural HL compared with other HLs in individuals older than 60 years of age (66.26% with sensorineural HL, mixed HL in 3.21%, 19.17% with normal thresholds that declined at the frequencies of 6,000 Hz and 8,000 Hz, and 11.34% with thresholds within normal limits). These results are similar to those of previous studies, [@JR0654or-14] [@JR0654or-19] which also found a prevalence of sensorineural HL, with an association between HL and DM or hypertension in populations of different ages, but especially among the elderly. [@JR0654or-8] [@JR0654or-9] [@JR0654or-10] [@JR0654or-30]

Some studies point out that every cell in the body relies on an adequate supply of oxygen and nutrients to maintain its functions, depending on the structural and functional integrity of the heart and blood vessels. Hypertension can cause changes in the heart and blood vessels. The high pressure in the vascular system can result in bleeding into the inner ear, which may lead to sudden or progressive HL. [@JR0654or-8] [@JR0654or-9] [@JR0654or-10] [@JR0654or-11] [@JR0654or-12] [@JR0654or-13] [@JR0654or-14] [@JR0654or-15] [@JR0654or-16] [@JR0654or-17] [@JR0654or-18] This result, which seems controversial when compared with the literature, is possibly due to the age of the study sample (between 60 to 97 years).

In the study by Lin et al, [@JR0654or-25] there were no significant associations ( *p*  \> 0.05) between HL and other cardiovascular risk factors (hypertension, diabetes), even when multiple HL frequency bands were considered. However, the authors mention limitations such as 13% of older adults who did not complete the audiometric examination. They also mentioned a low statistic power. Therefore, these prevalence rates underestimate the true prevalence of HL among the population.

As for the methodological characteristics of the present study, we did not consider variables such as alcohol consumption, smoking, diabetes (for the analysis of hypertension) and hypertension (for analysis of DM) to reduce the bias. However, the fact that the data for hypertension and diabetes were taken from the self-reported questionnaire may have affected the results. Nevertheless, the individuals who participated in this study were being cared for in BHUs in their neighborhoods, and these units periodically check the diseases of their patients, increasing data reliability. The present study found that sensorineural is the main type of HL among individuals over the age of 60, and this proportion increased gradually with age.

The risk factors, DM and age, predispose the individuals to HL, especially when associated with presbycusis. However, only age and exposure to occupational noise are independent factors for HL, and the elderly have ∼ 1.14 more chances of having hearing acuity compared with younger adults. We hope that the data obtained in this study may contribute to foster preventive health strategies.

Information about the greater probability of HL due to DM encourage the periodic monitoring of the auditory health of the elderly, as well as strategies for the prevention and monitoring of metabolic problems such as diabetes. Prophylactic measures to minimize the effects of aging can also help control HL and decrease the psychosocial impact on these individuals.

Conclusion
==========

There is a high prevalence of sensorineural HL among individuals over 60 years of age (66.26%), mostly bilateral (91.56%) and mild (26.50%) HL, and a progressive decrease in hearing thresholds with age.

We found statistically significant associations between HL at high frequencies and the variables age, DM, male gender and exposure to occupational noise. However, only exposure to occupational noise and age were considered independents risk factors for hearing loss.
